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At*i>T H ACT 


hlectrical characteristics of hybrid multilayer antireflectance 
coated N / p silicon solar cells ire presented in graphical and tabular 
formtt » s i function of solar illumination Intensity and temperature. 


iv 






CONTENTS 


I. INTRODUCTION 1 

II. CELL DESCRIPTION 1 

III. TEST PROGRAM 1 

IV. DISCUSSION OP RESULTS 2 

r 

blbLIOGRAPHY 4 

APPENDIX A- 1 


F igures 


2 

1. Average l^/cro as a Function of Temperature 5 

2. Average V^, as a Function of Temperature 6 

2 

3. Average l m p/cm as a Function of Temperature 7 

4. Average V m p as a Function of Temperature 8 

2 

5. Average Pmax/cm as a Function of Temperature 9 

6. Average Curve Factor as a Function of Temperature 10 

7. Average AMO Efficiency as a Function of 

Temperature — — 11 

2 

8. Average I gc /cm as a Function of Intensity 12 

9. Average V oc as a Function of Intensity 13 

2 

10. Average l m p/cm as a Function of Intensity 14 

11. Average V m p as a Function of Intensity 15 

2 

12. Average P max /crn 38 3 Function of Intensity 16 

13. Average Curve Factor as a Function of Intensity 17 

14. Average AMO Efficiency as a Function of Intensity 18 

15. l sc Temperature Coefficient 19 




v 


Li&Ut'ta Icontd) 

16. Temperature Coefficient ------------------------- 20 

17. F max Temperature Coefficient ----------------------- 21 

18. Pmax Temperature Coefficient — - — — — — 22 

A- 1 . Solar Cell — — — —————— — A-1 

A -2. Test Plate -- — — A-2 

A-3 • Solar Cell Characterization Facility A-3 

A-4 . Solar Cell Environmental Test Chamber — A-3 

lafclea 

1. Average Short Circuit Current — 2 3 

2. Average Open Circuit Voltage — — — 24 

3. Average Maximum Power Current — 25 

4. Average Maximum Power Voltage — — -- — 26 

5. Average Maximum Power 27 

6. Average Curve Factor - — — 28 

7. Average AMO Efficiency — — 29 


vi 


SECTION 1 


INTRODUCTION 


A series of reports is being generated to present parametric 
characterization data on both state-of-the-art and developmental solar 
cells of interest to the photovoltaic community. These data consist 
of the electrical characteristics of the candidate solar cell under 
a wide range of temperature and illumination intensity combinations 
of the type encountered in typical space applications. This series 
(JPL 70-15) will consist of a number of reports, each report being 
devoted to a particular type of solar cell and identified by a volume 
number. Previously published reports with their associated solar cell 
descriptions are listed in the bibliography to this document. Each 
report consists primarily of working graphs and tables and does not 
address Itself to Interpretive conclusions. The formatting of this 
series of reports will be relatively invariant to facilitate comparisons 
between the characteristics of any of the cell types considered in 
the series. This report contains a set of parametric data on the 
OCLI hybrid multilayer antireflectance-coated solar cell which is commer- 
cially available . 


SECTION 11 
CELL DESCRIPTION 


The cells reported here were manufactured by Optical Coating 
Laboratories, Inc. (OCLI), and are available as off-the-shelf space- 
qualified solar cells. These cells are fabricated from crucible-grown, 
P-type silicon, boron-doped to a nominal resistivity of 10 ohm-cm. 

The cell dimensions are 2 cm by 2 cm by 0.025 cm (10 mils) thick. 

A multilayer antireflectance coating is applied to the top surface. 

The electrical contact on the ten surface consists of solderless Ti-Pd-Ag 
in an eight-finger grid pattern with a bus bar running the length of 
one side. The rear contact is a picture frame contact of the same 
material . 

In order to obtain parametric test data consistent with typical 
space applications, cover slides were mounted on the cells prior to 
testing. The cover slides were 79^0 fused silica 0.015 cm (6 mils) 
thick with an 0.35 micrometer cut-on dielectric interference filter. 

The cover slides were bonded to the surface of the cells with Dow-Corning 
1b2 silicone adhesive. 


SECTION 111 
TEST PROGhAh 

The solar cells were mounted on a copper test plate using RTV 560. 
The test plate was, in turn, mounted to a heat sink with provisions 
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for both heating »nd cooling » th it »he cells could be maintained 
at the desired t«mp«rature li l-'penden* of the solar intensity. All 
testing w»s carried out in a vacuum at a pressure of less than 1 x 10“^ 
torr . 

The illumination source used was a Spectrolab Model X-2 5 Mark II 
Spectrosun filtered solar simulator. This simulator uses an optical 
Integrator lens in the optical system which uniformly distributes a 
relatively collimated light beam at specific distances 1 rom a 2.5 kVI 
short-arc xenon lamp. A system of filters modifies the spectral lis- 
tribution so that It approximates that of space sunlight. The light 
beam provides a pattern having \ uniformity of over an area of 225 cm^ 
at the test plane. Illumination intensity Is varied by position of the 
simulator in combination with transmission filters. The solir simulator 
beam is Introduced into the vactum chamber through a window of 7940 
fusel silica. The solar intensity and spectral integrity of the solar 
simulator are constantly monitored and maintained using space calibrated 
standard cells obtained with the NASA/JPL solar cell balloon flight 
standardization program. Photographs of the solar cell, the assembled 
plate, and the experimental characterization test facility are shown in 
figures A-1 through A-4 of the appendix. 

The temperature range covered in these measurements was -160 P C 
to 140 C while the solar intensity range covered was 5 mW/cnr’ to 250 mW/om^. 
Ihe data were taken at each environment point in the matrix in the form 
of an I-V curve. The appropriate parameters were then read from the I-V 
curves and punched on cards for the computer analysis and curve plotting 
functions. The cell temperature was monitored by a thermocouple attached 
to the surface of a separate cell mounted with the cells under test. 

Prior, intermediate, and post test ambient measurements were performed 
daily to ensure that the accuracy and stability of the test equipment and 
the test specimens themselves were maintained within ±2i during the course 
of the testing program. 


SECTION IV 

DISCUSSION OF RESULTS 


A computer program computes statistical averages and standard de- 
viations with respect to the measured cells for each intensity-temperature 
measurement condition. It then produces summary tables, as shown in 
Tables 1 to 7, that disrlay averages and standard deviations of the cell 
characteristics in a two-dimensional array format, one dimension repre- 
senting cell temperature and the second dimension representing incoming 
light intensity (AMO spectrum). The program then produces plots of the 
various electrical parameters of interest, with either incident intensity 
or cell temperature as the independent variable, as shown in Figures 1 
to 14. Least square fits to the data points are then made automatically 
to the measured data points using a second-degree polynomial for most 
parameters. The V oc and V mp data points are fit with a linear equation. 
The curve factors and AMO efficiencies are not fit but are interconnected 
from point to point. In addition, the program calculates the temperature 
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coefficients of the pertinent cell electrical parameter* of Interest, 
using the aforementioned curve tits, and plots these a: a function of 
temperature, with intensity as a parameter. This Is shown In Figures IS 
through 1b. 


The figures are Intended to be working artifacts; that is, they 
are formatted In such a way that they can supply Information of a general 
nature or may be used to generate prediction.'), comparisons, computer 
input data, etc. To facilitate comparisons and Inputting, all units 
are standardized as follows: 


ID 

( 2 ) 

13) 

IM) 

(5) 


2 

All currents are In units of mA/cm . 

All voltages are in units of mV. 

2 

All power outputs are In units of mW/em . 

All curve factors are in dimensionless units. 

All efficiencies are In percentages and are based on 
total cell area. 


(b) All temperatures arc in °C. 

2 

(7) All Incoming Intensities are In units of mW/cm and are 
representative of an AMO spectrum. 


(b) All geometric dimensions are in units of cm or pm (whichever 
is most convenient conceptually.) 


The tables Included in this report contain complete numerical 
information with respect tc the average values of the following solar 
cell electrical parameters: Igc, V oc , IF maX t ^max • • and efficiency 

at each intensity-temperature combination. For each such parameter 
at each such intensity-temperature combination, the standard deviation 
is presented to provide estimates of statistical validity. All current 
and power output data are on the basis of unit area derived by dividing 
measured output by total cell area. All solar cell efficiency numerical 
data are based on total cell area. 


The OCLI hybrid MLAH solar cell is a commercially available 
device that can be considered for space applications. OCLI has recently 
auded the MLAh concept to its violet solar cell which will be evaluated 
and reported here at a later date. 
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FlPLlOGHAPh* 


unaracterlzatlon of Solar Cells for Space Applications, JPL Publication 
70-15 


Volume 1. Electrical Character Istlcs of OCLI Violet Solar Cells as 
a function of Intensity and Temperature, March 197b 


Volume 11. Electrical Characteristics of Solarex 50 Micron Solar Cells 
as a Function of Intensity and Temperature, August 1978 




it 


SHORT CIRCUIT CURRENT, mA/cm 



TEMPERATURE, °C 


OCl I I HYBRID Ml AH ) 

N'' iO OHM CM C6 SILICON 
I X ? X .OZ5 CM 
TI-PD-AG CONTACTS 8 LINES 
MULTI-LAYER < GREEN I AN COATING 
T««0 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 1. Average I sc /cm 2 as a Funct* n of Temperature 


ID mR/cm 1 
A 5.0 
B Z5.0 
C 50.0 
D 100.0 
E 133.3 
F Z30.0 
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OPEN CIRCUIT VOLTAGE, mV 



ID 


mW/cm 1 

5.0 

25.0 

50.0 
100.0 
135.3 
250.0 


OCL I ( HYBRID MLAR ) 

N/P 10 OHM-CM C6 SILICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS S LINES 
MULTI-LAYER (GREEN) AR COATING 
7 9 A 0 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE H 


Figure 2. Average as a Function of Temperature 
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MAXIMUM POWER CURRENT, mA/cm 


00 


ORIGINAL PACK is 



IP «*/c»* 
A 3.0 
B 25.0 
C 50.0 
0 100.0 
E 135.3 
f 230.0 


OCL I ( HYBRID ML AH I 
N/P 10 OHM-CM CG SILICON 
2 X 2 X .025 CM 
TI-PO-AG CONTACTS 8 LINES 
MULTI-LAYER < GREEN I AR COATING 
T940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 3- Average l mp /zm 2 as a Function of Temperature 


7 


MAXIMUM POWER VOLTAGE 



TEMPERATURE 


OCl I ( HYBRID MUR I 
N/P 10 OMM-CM CO Sll ICON 
2 X 2 X .025 CM 
TI-PD A6 CONTACTS • L INES 
MUl T I -LAYER ( 6REEN I AR COAT I N6 
7940 COVER .JS MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure Average V as a Function of Temperature 








TEMPERATURE, °C 


5.0 

25.0 

50.0 
100.0 
135. 3 
250.0 


OCL I ( HYBRID Ml AR ) 

N/P 10 OMM-CM CO SILICON 
2 X 2 X .025 CM 
T I -PD AO CONTACTS 8 L INFS 
MULTI-LAYER (GREFNI AR COATINC 
2040 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE M 


p 

Figure 5. Average P max /cm as a Function of Temperature 












CURVE FACTOR 



ID mW/co' 

A 5.0 
B 25.0 
C 50.0 
0 100.0 
E 155.5 
F 250.0 


OCL I (HYBRID ULAR I 
N/P 10 OHM-CM CS SILICON 
I X I X .025 6h 
TI-PD-A9 CONTACTS 8 LINES 
MULTI-LAYER ( 6REEN I AR COAT I N6 
7940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 6. Average Curve Factor as a Function of Temperature 
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E 1 ^ CIENCY, PERCENT 






ID mt/'.m 1 
A 5.0 
8 .’5.0 
C 50.0 
0 100.0 
t 155.5 
f 3 50.0 


OCl I I MYBR ID Ml AN 1 
N/P 10 OMM-CM CO SILICON 
3 * 3 X .075 CM 
TI-PD-A6 CONTACTS 8 LINES 
MUl T I -l AY! 8 ( GREEN 1 AK COAT l NM 
’ 9A0 COVEN .55 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SI7E H 






I 

I 


figure 7. Average AMO Efficiency as a Function of 
Temperature 
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SHORT CIRCUIT CURRtNT , mA/cm 



ID *C 
A -100.0 

B -80.0 

C -60.0 

D -40.0 

E -20 . 0 

F .0 

6 20.0 

H 40.0 


ID 

I 


•c 

60.0 


OCL I ( HYBRID MLAR I 
N/P 10 OHM-CM CP AIL ICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS 8 LINES 
MULTI-LAYER ( 6REEN I AR C0ATIN6 
7940 COVER .3S MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 8. Average Igg/cm^ as a Function of Intensity 
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OPEN CIRCUIT VOLTAGE 



SOLAR INTENSITY, mW/cm 


OCl I < HYBRID MLAR I 
N/P 10 OHM-CM C6 SILICON 
? X 7 X . 0?5 CM 
TI-P0-A6 CONTACTS 8 LINES 
MULTI-LAYER ( GREEN I AR COAT INS 
7040 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 9. Average V„ as a Function of Intensity 
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X 

< 



10 *C 10 'c 
A -100.0 I 60.0 

B -80.0 

C -60.0 

0 -40.0 

E - 20.0 

r .o 

6 20.0 

M 40.0 


OCL I (HYBRID MLARI 
N/P 10 OHM-CM C6 SILICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS 8 LINES 
MULT l-LAYER I GREEN i AR COATING 
T 840 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 10. 


Average I m p/cm ^ as a Function of 


Intensity 


14 


n 










MAXIMUM POiEP VOLTAGE 




MAXIMUM POWER, mW/cm 



SOLAR INTENSITY. mW/cm* 


10 *C ID *C 
A -100.0 I 60.0 

B -80.0 

C -60.0 

D -40.0 

C -20.0 

f .0 

6 20.0 

N 40.0 


2 

Figure 12. Average Pmax^ 0 ” 1 


OCL I ( HYBRID Ml AH I 
N If 10 OHM-CM CG SILICON 
2 X 2 X .025 CM 
T I -PD- AG CONTACTS 6 LINES 
MULTI-LAYER I GREEN I AR COATING 
T940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


as a Function of Intensity 


16 




CURVE FACTOR 



ID 

A 

6 

C 

D 

E 

F 

8 

H 


*C 

- 100.0 

-80.0 

-60.0 

-40.0 

- 20.0 


ID 

I 


60.0 


20 

40, 


OCL I < HYBRID Ml Aft I 
N/P 10 OHM-CM CS SILICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS 6 LINES 
MULTI-LAYER ( 6REEN I AR COAT I N6 
7940 COVER . 35 MICRON CUT-ON 
. 01 S CM THICK 
SAMPLE SIZE 14 


Figure 13. Average Curve Factor as a Function of Intensity 
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EFFICIENCY, PERCENT 



ID 

A 

B 

C 

D 

E 

F 

6 

M 


•c 

- 100.0 
- 80. 0 
- 80.0 
-40.0 
20.0 
.0 

20.0 

40.0 


ID 

I 


60.0 


OCU (HYBRID ML AC I 
N/F 10 OHM-CM CO SILICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS 8 LINES 
MULTI-LAYER (GREEN) AR COATING 
7940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 14. Average AMO Efficiency as a Function of Intensity 


18 


TEMPERATURE COEFFICIENT 




v 



ID ml/cm 1 
A S.O 
8 25.0 

c so.o 

D 100.0 
E 135.3 
F 250.0 


OCU (HYBRID Ml AR ) 

N/P 10 OHM-CM C6 SILICON 
2 X 2 X .025 CM 
T I -PD-AG CONTACTS 8 LINES 
MULTI-LAYER I GREEN I AR COATING 
7040 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SI7E 14 


Figure 15. 1^ Temperature Coefficient 
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TEMPERATURE COEFFICIENT, ™V/°C 



TEMPERATURE COEFFICIENT, ml/cuV'C 





10 r.f/cw 1 
A 3.0 

B 23.0 

C 50.0 

0 100.0 

E 135.3 

f 250.0 


OCL I ( HYBRID MUR I 
N/P 10 OHM-CM CO SILICON 
2 X 2 X .025 CM 
TI-PD-A6 CONTACTS 8 LINES 
MULTI-LAYER I 6REEN I AR COATING 
7940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 17. Temperature Coefficient 
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TEMPERATURE COEFFICIENT, */"C 



TEMPERATURE 


OCL I (HYBRID Ml AR I 
N/P 10 OHM-CM CO SILICON 
2 X 2 X .025 CM 
T I -PD-AG CONTACTS 8 LINES 
MULTI-LAYER t GREEN ) AR COATING 
7040 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SIZE 14 


Figure 1b. P Temperature Coefficient 







Table 1. Average Short Circuit Current 


TABIC 1, AVERAGE SHORT CIRCUIT CURRENT. HC (NA/CNRR2) 


OCL I {HYBRID HtAR) 

N/R to OHH.CH CG Silicon 


Cfll T|HB, 


2 I 2 l .023 C“ 

TI-RO-AG CONTACTS S lINPS 
"UlTI-lAVCR (CRCPN) AR COATING 
T**0 COvPR .33 HICRON CUT*0N 
.013 C THICK 

sahb L c size 1* 

SOlAR INTPNSITy (h«/cm*«|) 

ORIGIN AT 

0£ POOR 

PAGE IS 
QUAI ITY 

(DCS. C) 

3.00 

23.00 

30.00 

100.00 

133.30 

250,00 


•1*0.00 

1.1* 
f .01) 

3. S3 
(.1*) 

• 

9 

m 

• 


•1*0.00 

1 • 1 R 
( .0*) 

3.«1 

(.1«) 

• 

9 

• 

• 


•120.00 

1.23 

f.O*) 

*.l* 

(.1R) 

12.13 

(.32) 

9 

• 

• 


•100.00 

1.20 

(.03) 

».«« 

(.13) 

12.3} 

(.20) 

25. *6 
(.*1) 

• 

• 


•SO . 00 

1.30 

(.02) 

*.35 

(.10) 

12. T7 
(.1*) 

2 3.88 

(.31) 

35. 72 
(.*2) 

• 


■*0 .00 

1.32 

(.01) 

*.*3 

(.OS) 

12. R« 
(.11) 

26.1* 
( • 2T ) 

33. 6R 

(.36) 

*7.33 

(.SR) 


•ao.oo 

1.32 

(.01) 

*.6* 

( . OT) 

13.12 

(.10) 

26.31 

(.27) 

36.17 

(.36) 

*6.*1 

(.*7) 


•20.00 

1.33 

(.01) 

*.T2 

(.06) 

13.31 
( .OS) 

26. 6S 
(.23) 

36. *6 

(.35) 

6R.2* 

(.35) 


.00 

1.3* 

(.01) 

* » T 7 
(.07) 

13. -R 
(.OS) 

2* . R 1 
(.25) 

37.20 

(.23) 

6R.R0 

(.32) 


20.00 

1.35 

( . ui ) 

6 # M 

(•06) 

13.66 

(.OS) 

2T.0T 
( .2*) 

37.55 

(.30) 

70.30 
( .**) 


*0.00 

1.3T 

(.01) 

6.R7 

(.07) 

13.82 

( . 10) 

2 T.57 
( . 2 R ) 

36.02 
( ,2R) 

71.23 

(.*61 


*0.00 

1.30 

(.01) 

T.02 

(.06) 

13. R3 

(.08) 

27,83 

(.27) 

36.** 
( • 2R) 

72.0* 

(.*0) 


SO. 00 

• 

• 

9 

28.00 

(.26) 

36. *R 
(.26) 

72. R7 
(.36) 


100.00 

• 

• 

9 

28.33 

(.23) 

3R.08 

(.31) 

73. 2R 
(.*3) 


120.00 

• 

• 

9 

26. 5R 

(.30) 

3R.*3 

(.31) 

73.6* 

(.**) 


1*0.00 

• 

• 

9 

28.86 

(.26) 

3R.S7 

(.30) 

7*.1R 

(.3*) 


NOTE 1 STANDARD 

DEVIATIONS ARP 

GIVEN IN 

PARPNTHf SES. 
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Table 2 . Average Open Circuit Voltage 


TABU 2. AVERAGE OR|N CIRCUIT V0LTAGI. VOC (NV) 

0 1 1 (MVB*!0 MLAl) 

N/R 10 OMM.CM CG SILICON 

1 I 2 I .019 C" 

TI-RD-AO CONTACT! • UNIS 
MUlTI*lAV|ft (G*CIN) A* COATING 
7060 COVIN .99 NICN9N CUT-ON 

.019 C THICK 

iamnlc size is 


l CILL TINS. 


(DIG. C) 

9.00 

•160.00 
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(SB. SO) 

• ISO. 00 

SIS. OS 

(TS.ST) 

•120.00 

SS1.2S 
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(2S.0S) 

•GO. 00 
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SSS.S2 

(G.«9) 

•SO. 00 

S19.ST 

(S.Os) 

•20.00 
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.00 
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• 
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1S.SS) 
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S91.07 

SSS.SS 
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(S.OO) 

(5.17) 

SIS. IS 

627.02 
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SS1.SS 
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(2.SS) 

(S.SO) 

(S.S1) 

(1.S0) 

(S.61) 

970.01 

9S6.7S 

602.66 
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(l.OS) 

(2.SS) 

(2.17) 
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(1.10) 

922.27 

5S2.ST 
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572.06 
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(1.77) 

(S.S9) 

(l.OS) 

(1.62) 

S72.9S 

SS9.2S 

512.90 

525.0s 

515. SS 

(1.S2) 

(5.S5) 

(1.1S) 

(1.S2) 

(1.61) 

sil.ss 

SS5.2S 

S65.su 

S 70 , 06 

u 00 , 50 

(1.92) 

(9.21) 

(1.60) 

(l.SO) 

(1.00) 

• 

• 

S17.S6 

Sis. 77 

SSI. 05 



(S.SS) 

(1.02) 

(S.12) 

• 

• 

967.01 

160.90 

90S. OS 



(S.OS) 

(S, 15) 

(S.10) 

m 

9 

910.21 

111.90 

isS.OS 



(S.H) 

(6. 62) 

(6.65) 

• 

9 

267.06 

200.05 

206.51 



(S.12) 

(S.51 ) 

(6.09) 


NOTH STANDARD DevlATION! AMI GIVEN 
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IN PARENTHESES. 




Table 3* Average Maximum Power Current 
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Table 4. Average Maximum Power Voltage 


TAIL! a. AVERAGE maximum ROME* VOLTAGE* Vmr (mv) 

OCLI (HYBRID MLaN) 

N/R 10 OHM-CM CO SILICON 
I * 2 X ,029 CM 
TI-RO-AO CONTACTS S LINES 
MULTI-LAYER (GREEN) AR COATING 
7*40 COVER ,19 MICRON CUT-ON 
.019 CM THICK 
SAMRLE SIZE la 

CELL TEMR. SOLAR INTENSITY ( MM/CMRR2 ) 


(DEG. C) 

9.00 

29.00 

90,00 

100.00 

119.10 

290 §00 

•ISO. 00 

117.37 

990. 2* 

• 

• 

• 

• 


(as. 10 ) 

(9S.1S) 





•140.00 

190. sa 

999. Sa 

• 

• 

• 

• 


(aT.ai) 

(44,71) 





•120.00 

1T4.SS 

9SS.14 

S0S.S4 

m 

• 

• 


(af.TS) 

(2S.S1) 

(11. 4*) 




•100.00 

40S.SS 

974.41 

3SS.30 

*01.2* 

• 

• 


(91.11) 

(17. OS) 

(12.37) 

( 4 , * l ) 



• SO. 00 

aia.ss 

970.90 

988.90 

988.97 

986.7* 

• 


(94. IS) 

(12. *7) 

(8.2*) 

(4.49) 

(4,*1) 


•SO. 00 

49S.71 

9S9.97 

971.8* 

373.71 

970. *1 

998.21 


(IS, 7?) 

(11.10) 

(S.91) 

(4.41) 

(2.10) 

(4.21) 

•40.00 

ass. si 

993.07 

3*2. 37 

93*. 71 

99*. 1* 

942.07 


(11.22) 

(S.48) 

(*.90) 

(*.12) 

(3. *2) 

(4.18) 

•20.00 

ail. si 

921.2* 

938. *3 

918.1* 

938.97 

922.00 


(2S.SS) 

(*•02) 

(1.47) 

(4.8S) 

(4.78) 

(4.30) 

.00 

404.41 

4*0.3* 

4*7.41 

904.7* 

904.41 

4*8.41 


(1S.2S) 

(7.01) 

(4.27) 

(4.2*) 

(*.21) 

(4.43) 

20.00 

IS*. IS 

412.7* 

490.00 

49*. 7* 

as*. so 

460.2* 


(14. IS) 

(*,73) 

(1.S4) 

(1.11) 

'4.78) 

(4.76) 

40.00 

32*. IS 

1S9.8* 

402.7* 

419.14 

*21.71 

418.21 


(11.02) 

(9,7*) 

(9.41) 

(4.0*) 

(4.01) 

(9.70) 

SO. 00 

2*4. SS 

118. 8* 

19*. 41 

171.07 

173. *1 

371.7* 


(10. SO) 

(9. IS) 

(4.27) 

(1.**) 

(4.2*) 

(4 .82) 

SO. 00 

• 

• 

• 

121. *1 

110.00 

326.7* 





(4.27) 

( 1.S4) 

(9.24) 

100.00 

• 

• 

• 

274,00 

283. *4 

282.7* 





(4.40) 

(1. *9) 

(9.29) 

120.00 

m 

• 

m 

210.14 

218.91 

233.71 





(4.80) 

(1.08) 

(9.84) 

140.00 

9 

• 

9 

183.7* 

1*4.91 

1*3.1* 





(1.11) 

(4.39) 

(4.49) 


NOTE I STANDARO DEVIATIONS ARE GIVEN IN RARENTHESES. 
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Table 5. Average Maximum Power 


TABLE 9. AVERAGE maximum po*E*» *ma* (mn/Cmp«2) 


OCL I CHVRRtO MtAR) 

N/R |0 OMM-CM CG SILICON 
MM .029 CM 
M-PD-AG CONTACTS 8 LINES 
MULTI-LATE* fG*EEN) AR COATING 
79*0 COVES .19 MICRON CUT-ON 
.019 CM THICK 
SAMPLE SIZE 1* 


ORIGINAL PAGE IS 
Q| £OOi QUALITY 


CELL TEMP, SOLAR INTENSITv (M«/CM»a|) 

(DEC. C) 9.00 29.00 90,00 100.00 119.10 290.00 


-1*0.00 

.11 

2.17 

• 

• 

• 

• 


(.01) 

(.1*) 





-1*0.00 

.11 

2.*S 

• 

• 

• 

m 


(.09) 

(.11) 





-120.00 

.1* 

2 • 7 1 

*.12 

• 

• 

m 


(.09) 

(.27) 

(.19) 




•100.00 

.*0 

1.00 

*.*9 

11. SI 

• 

9 


(.09) 

(.21) 

(.27) 

(.17) 



• SO. 00 

.** 

1.19 

*.*2 

11.9* 

19.10 

• 


(.0*) 

(.17) 

(.21) 

(.10) 

(.1*) 


• *0,00 

.«* 

1.2* 

*.72 

11.91 

IS. 91 

19.11 


(.on 

(.1*) 

(.17) 

(.27) 

(.19) 

(.*9) 

•*0.00 

.»9 

1.2* 

*.72 

11.72 

18.7* 

1* » 78 


(.09) 

(.11) 

(.1*) 

(.20) 

(.16) 

(.92) 

•20.00 

• *7 

1.1* 

*.99 

11.17 

16.16 

11.92 


(.0*) 

(.12) 

(.11) 

(.22) 

(.22) 

(.*0) 

.00 

.*9 

2.91 

*.19 

12.** 

17.91 

32. *0 


(.0*) 

(.10) 

(.12) 

(.19) 

(.16) 

(.39) 

o 

• 

o 

o 

.*1 

2. *9 

9.** 

11.99 

1*. 1* 

29.9* 


(.01) 

(.OS) 

(.in 

(.IS) 

(.19) 

(.**) 

*0.00 

.17 

2 . * 1 

l t 4* 

10.91 

1*.*9 

27.11 


(.02) 

(.07) 

(.11) 

(.19) 

(.19) 

(.9*) 

*0.00 

.11 

2.12 

*,«7 

9.12 

11.02 

24.07 


(.02) 

(.07) 

(.10) 

(.1*) 

(, ;8) 

(.*7) 

SO, 00 

• 

• 

• 

8.09 

11.26 

20.79 





(.16) 

(.17) 

(.*9) 

100.00 

• 

m 

• 

*.77 

9.97 

17. *9 





(.19) 

(.1*) 

(.39) 

120.00 

m 

• 

• 

9.99 

7.80 

1 * • 30 





(.1*) 

(.12) 

(.19) 

1*0.00 

• 

• 

• 

*.12 

9.98 

11.2* 





(.11) 

(.17) 

(.1*) 


NOTE I STANDARD DEVIATIONS ARE GIVEN IN PARENTHESES. 
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Table 6. Average Curve Factor 




TABLE A. AVERAGE CURVE FACTOR 

OCU (HYBRID NLA*) 

N/P 10 OMM«CM cg SILICON 
212V ,025 CN 
TI«PD«A6 CONTACTS S LINES 
HULT !«L AVER (GREEN) AR COATINO 
7**0 COVER ,55 MICRON CUT-ON 
,015 CM TMIC* 
SAMPLE SIZE 1* 


CELL TEMP, 


SOLAR 

INTENSITY (MX/CMPP2) 

250.00 

(0E6, C) 

5.00 

25.00 

50.00 

100.00 

135.30 

•1*0,00 

,*277 

(.0**7) 

.5501 

(.07*1) 

• 

• 

• 

• 

•1*0,00 

,*1*0 

(,0*S7) 

.5*7* 

(.075*) 

• 

• 

■ 

• 

•120.00 

,*55* 

(.05*5) 

.*1S1 

(.0*57) 

.7102 

(.0*1*) 

• 

m 

• 

•100,00 

.*7*5 

(.055*) 

.*705 

(.050*) 

.7**8 

(.0527) 

.78*1 

(.018*) 

9 

• 

•SO, 00 

.51*0 

(.0*01) 

.70** 

(.05**) 

.7*2* 

(.0270) 

.7**7 

(.0173) 

.7*0* 

(.01*3) 

• 

•40 .00 

.5*55 

.755* 

.777* 

.7*80 

.7887 

,7867 


(.057*) 

(.02*5) 

(.0203) 

(.01*7) 

(.0100) 

( • 0 0 9 6 ) 

•*0,00 

.*05* 

.75*1 

.78*2 

.7*61 

.785* 

• T7T7 


(.0552) 

(.025*) 

(.01**) 

(.0128) 

(.00**) 

(.0101) 

•20,00 

,*25* 

.7*28 

.781* 

.78*7 

.77* ' 

.766* 


( , 055S) 

(.0227) 

(.015*) 

(.011*) 

( .0080) 

( ,0087) 

.00 

,4*15 

.7577 

.77** 

.7810 

.7*81 

.755* 


( ,0«T*) 

(.0185) 

(.0155) 

(.0105) 

( . 0G67 ) 

( .0082) 

20,00 

.*515 

.7*62 

.7*12 

.7*3* 

.7525 

.73*1 


( .0*05) 

(.01**) 

(.0128) 

( .008*) 

(.0072) 

( .0087) 

*0,00 

,*520 

.7520 

.7*5* 

.7*38 

.7327 

.7106 


(.0520) 

.*5*1 

( .01*1) 

( .0152) 

( .00*7) 

(.0077) 

(.0107) 

*0,00 

.7118 

.7205 

.71*1 

.7073 

• 6B2V 


(.0525) 

• 

(.01*5) 

(.0133) 

(.008*) 

(.0067) 

(.0111) 

BO. 00 

• 

9 

.6878 

(.00**) 

.6783 

(.0073) 

,6**7 

(.010*) 

100,00 

• 

• 

9 

.*507 

(.0082) 

.**30 

(.006*) 

.6057 

(.0111) 

120,1 00 

• 

• 

• 

.*0*8 

(.0088) 

.5**5 

(.005*) 

.560* 

(.0111) 

1*0,00 

• 

• 

• 

.5*0* 

(.00**) 

.5*27 

(.00**) 

.510* 

(.0113) 

NOTEl STANDARD DEVIATIONS ARE 

GIVEN IN 

PARENTHESES. 




Table 7. Average AMO Efficiency 



tabu t. 

average 

***0 EMTCIC*ev (PERCENT) 





ecu 

(Nvpaio *LAR) 







N/P 10 0*M«C« 

CG SILICON 






2 « * 

* .02* C“ 




PAGE IS 



TI-RD 

•AG CONTACTS A LINES 

ORIGIN AE 



**UITI 

TRO0 

• LAVfP f GREEN) A o 

COVER .3* MICRON 

COATING 

CUT-ON 

OR POOR < 

QUALITY 




.01* C* Tm!C« 






sa-rle size io 






cm temp. 


SOLAR INTfHSlTv (m«/c"p*2) 



(016. C) 

*.00 

25.00 

*0.00 

100.00 


139.30 

290.00 


•ito.oo 

t. IS 

R.ot 

• 

• 


• 

• 



(l.Otl 

(1.37) 







•100.00 

6.56 

9.R2 

• 

• 


9 

• 



(1 .0o) 

(1 .21) 







•1*0,00 

T.lt 

10. AJ 

12.20 

• 


m 

• 



( 1 .0o) 

(1.07) 

(.71) 






•100.00 

0.00 

11.99 

12. R0 

13.03 


m 

• 



(1.0*) 

(.05) 

(.*0) 

(.37) 





•AO . 00 

0 • A A 

12. *R 

13.20 

13. Ro 


10.26 

• 



(1.11) 

(.tR) 

(.03) 

(.30) 


(.25) 



-to . 00 

R.02 

l 2.RA 

13.03 

13.«1 


13. R0 

10.12 



(1.00) 

(.*0) 

(.33) 

(.27) 


(.10) 

(.20) 


• «0. 00 

«.?• 

1S.0* 

13.oo 

13.72 


13.0* 

13. R1 



( . « 1 ) 

(.51 ) 

( • 2R) 

(.20) 


(.13) 

( .21 ) 


■20.00 

R.o3 

12.63 

13.10 

13.37 


13. *R 

13.57 



(.At) 

(.07) 

(.26) 

(.22) 


(.16) 

(.16) 


.00 

S.«) 

11.71 

12.30 

12.66 


12. Rt 

12. Rt 



(.71) 

(.30) 

(.20) 

( .1R) 


(.13) 

(.16) 


© 

O 

• 

o 

At 

0.27 

10.76 

11.20 

1 1 .** 


11. R* 

1 1.9A 



(.57) 

(.30) 

(.22) 

(.10) 


(.10) 

(.17) 


00.00 

7.00 

R . to 

10.13 

10.51 


10.03 

10.00 



( ,0t) 

(.2R) 

(.23) 

( . 1 R) 


(.10) 

(.21) 


to . 00 

t,*o 

0.O7 

S.RO 

R. 32 


R.63 

R.63 



(.01) 

(.26) 

(.20) 

(.16) 


(.13) 

( . I R) 


A0. 00 

• 

m 

• 

A.O* 


0.30 

0.31 






(.10) 


(.13) 

(.10) 


100.00 

• 

• 

• 

6.77 


7.07 

7.00 


120.00 




(.15) 


(.12) 

(.15) 


• 

• 

• 

5.55 


5.76 

5.72 






(.10) 


(.OR) 

(.16) 


100.00 

m 

m 

• 

0.32 


o.o2 

0.50 






(.11) 


(.12) 

(.10) 


MpTfl STANDARD DEVIATIONS ARF 

GIVEN IN 

PARENTHESES. 
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APPENDIX 


Ibidinal va C ti a 

(Qi POOR QV \1.rtY 




Test Plate 
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Figure A-3. Solar Cell Characterization Facility 




Figure A-4. Solar Cell Environmental Test Chamber 
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